VanRyn VS, Poteracki JM, Wehrwein EA. Physiology undergraduate degree requirements in the U.S. Adv Physiol Educ 41: 572-577, 2017; doi:10.1152/advan.00104.2016.-Course-level learning objectives and core concepts for undergraduate physiology teaching exist. The next step is to consider how these resources fit into generalizable programlevel guidelines for Bachelor of Science (BS) degrees in Physiology. In the absence of program-level guidelines for Physiology degree programs, we compiled a selective internal report to review degree requirements from 18 peer BS programs entitled "Physiology" in the United States (U.S.). There was a range of zero to three required semesters of math, physics, physics laboratory, general biology, biology laboratory, general chemistry, chemistry laboratory, organic chemistry, organic chemistry laboratory, biochemistry, biochemistry laboratory, anatomy, anatomy laboratory, core systems physiology, and physiology laboratory. Required upper division credits ranged from 11 to 31 and included system-specific, exercise and environmental, clinically relevant, pathology/disease-related, and basic science options. We hope that this information will be useful for all programs that consider themselves to be physiology, regardless of name. Reports such as this can serve as a starting point for collaboration among BS programs to improve physiology undergraduate education and best serve our students. undergraduate; curriculum; major; physiology PHYSIOLOGY UNDERGRADUATE education has a number of invested collaborators that have been working for many years to improve and support physiology education at all levels. This includes the Human Anatomy and Physiology Society (HAPS), the American Physiological Society (APS), the Association of Chairs of Departments of Physiology (ACDP), the Physiology Majors Interest Group (P-MIG), and numerous individuals. HAPS has a learning goals project where members can access resources on course guidelines, exams, and learning outcomes for anatomy and physiology courses (15). In 2010, there was a web-based compilation of degree-granting institutions in Physiology by the American Physiology Society (6). In 2015 and 2016, ACDP hosted workshops on undergraduate programs that specifically focused on three areas: program-level learning goals and core concepts based on existing course-level objectives (17, 18), employability skills (23), and setting national guidelines for our BS programs. P-MIG has been represented at Experimental Biology each year starting in 2015, as well as at the 2014 (27) and 2016 (26) APS Institute for Teaching and Learning. The first P-MIG conference on undergraduate programs will take place in May 2017. Core principles have been published for the undergraduate physiology courses (17, 18).
PHYSIOLOGY UNDERGRADUATE education has a number of invested collaborators that have been working for many years to improve and support physiology education at all levels. This includes the Human Anatomy and Physiology Society (HAPS), the American Physiological Society (APS), the Association of Chairs of Departments of Physiology (ACDP), the Physiology Majors Interest Group (P-MIG), and numerous individuals. HAPS has a learning goals project where members can access resources on course guidelines, exams, and learning outcomes for anatomy and physiology courses (15) . In 2010, there was a web-based compilation of degree-granting institutions in Physiology by the American Physiology Society (6) . In 2015 and 2016, ACDP hosted workshops on undergraduate programs that specifically focused on three areas: program-level learning goals and core concepts based on existing course-level objectives (17, 18) , employability skills (23) , and setting national guidelines for our BS programs. P-MIG has been represented at Experimental Biology each year starting in 2015, as well as at the 2014 (27) and 2016 (26) APS Institute for Teaching and Learning. The first P-MIG conference on undergraduate programs will take place in May 2017. Core principles have been published for the undergraduate physiology courses (17, 18) .
Henriksen et al. (14) published a report on the growth of, and requirements for, the program at the University of Arizona. Publications in The Physiologist (22, 25) and Physiology (28) have featured articles related to undergraduate education, underscoring the growing interest in this area.
Physiology as an undergraduate major does not yet have any formalized BS degree program national guidelines or accreditation, as do other Life Science majors [see American Society for Biochemistry and Molecular Biology (7), American Chemical Society (4), American Society for Microbiology (8) , the American Kinesiology Association (5), and others]. Since there are not national guidelines for Physiology majors, each program is independently setting course requirements for the degree as best suits the needs of the institution. Some institutions may prefer this independence to be flexible, offering a program that fits the strengths of the department. However, others are left in the dark as to what overall degree requirements are the minimum accepted to train a Physiology degree holder. As a result, the training of degree holders in Physiology varies, unlike disciplines with published national standards. Furthermore, this creates lack of consistency for employers and graduate and preprofessional programs as to what they can expect from an application with a degree in Physiology. Fortunately, there is a growing body of life science and preprofessional guidelines that can inform physiology program-level planning: published core concepts in physiology (15, 17, 18) , guiding documents for improving STEM education (2), Association of American Colleges and Universities' high-impact educational practices (9), best practices for student learning (13) , core competencies for entering medical students from the Association of American Medical Colleges (AAMC) (15a), scientific foundations for future physicians report from AAMC-Howard Hughes Medical Institute (1), STEM 2.0 -An Imperative For Our Future Workforce (23) , and others.
The BS Physiology degree at Michigan State University (MSU) has existed for 49 yr, and we recently reviewed our degree requirements. During our internal review, we used several approaches to inform the process: 1) student focus group interviews; 2) strengths, weaknesses, opportunities, and threats analysis; 3) survey of student career interest; 4) review of graduate and professional school prerequisites; and 5) review of course requirements from peer programs through personal communication and web-based review. The curricular requirements from peer programs are presented here.
This paper contains a tally of course requirements from 18 BS Physiology programs in the U.S. (e.g., Physiology, Integrative Physiology, Human Physiology). This information was collected for internal use by the MSU undergraduate program and curriculum committee for a program review. In the process of communicating with other programs during this process, we recognized that there was an interest in having a broader conversation among programs, as many other programs were interested in sharing ideas about program level requirements. As such, a preliminary report of our compilation of curricular data was presented in 2014 (27) , and we share our internal report in this paper. While we tallied course requirements from 18 U.S.-based programs called "Physiology" formally, we aim to be inclusive to all programs, national and international, that self-identify as physiology, regardless of name. This issue of inclusion is especially true for BS Biology degrees with a track with Physiology, of which we estimate 24 programs exist, which would have a very similarly aligned set of course work as the programs included in this report. We wholly recognize and support that, indeed, these are highly relevant and related programs that we excluded only for the specific purposes of our initial internal review. It is our hope that the course requirement data presented here will be useful to existing and developing BS degree programs in Physiology.
METHODS

Data Compilation
A single investigator at MSU compiled a list of current BS Physiology programs in the U.S. in 2013 using personal communication with peer programs and internet resources (20) , including the APS list of degree-granting programs in Physiology (6) . The list of institutions, departments, programs, and undergraduate requirement internet resource links were confirmed in 2016 by an additional investigator, and that updated information is shown here for 18 programs (Table 1) . Course requirements for the identified programs were tallied and are shown in Table 2 .
Programs. Although there are many physiology-related programs, we limited the initial analysis to degrees with "Physiology" as the program title, including those with a dual focus, such as a BS in "Physiology and Neuroscience." Degrees excluded were Cellular/ Molecular Physiology, Comparative Biology, Biomedical Science, Ecology, Exercise Science, Human Biology, Organismal Biology, and Premedicine. This is because our purpose initially was to review degree course requirements at highly similar peer institutions for our internal review process. We understand that many programs that would consider themselves to be physiology go by a variety of names, yet we started with a subset of 18 programs for our needs.
Courses. Only required courses were tallied. If program website data were unclear, online course catalogs were consulted. The number of semesters of required courses with laboratory experiences as appropriate in the following areas were reviewed: mathematics, physics and laboratory, general biology and laboratory, general chemistry and laboratory, organic chemistry and laboratory, biochemistry and laboratory, anatomy and laboratory, physiology (or equivalent combined anatomy and physiology) and laboratory, and disciplinary upper division course credits ( Table 2) . Breakdown of specific course requirements was done for mathematics (Table 3 ) and core physiology lecture and laboratory (Table 4) . Note a zero represents that the course is not formally required of all majors, yet programs may consider such courses to be highly recommended electives that most students take.
If one of the cataloged courses had a selective option, it was noted as required on Table 2 with a superscripted letter to indicate the option. General biology courses were counted from a series of options, including biology, introductory biology, life sciences, cell, cell and molecular, organismal, ecology, and evolution. Excluded from the tally of introductory biology courses were those above the sophomore level and genetics when used as a lower division course before core physiology. If the course catalog indicated a single course number that included both a lecture and laboratory section, this was shown on the table as one requirement for lecture and one for laboratory to be consistent with other programs where the lecture and laboratory sections were under different course numbers. If a combined anatomy and physiology course was offered, it was counted under the heading "core physiology" with a blank noted in the column for anatomy. For "core physiology," we were investigating course requirements that appeared to be an overview of human or animal systems physiology, generally the prerequisites for upper division courses. As such, included in this count are human, general, systems, integrative, animal, mammalian, and environmental. Excluded from the "core physiology" were organ system-specific courses (cardiovascular, neuroscience), cell and tissue physiology, and histology.
RESULTS
We examined 18 institutions in the U.S. that had BS programs named Physiology (Table 1) . Of this, 9 of 18 programs had department names that were identical to the name of the BS degree name that they oversee, whereas the remaining 9 of 18 had programs names that did not match the department name.
Course requirements for these 18 programs were compiled for our internal review process. As observed in Tables 2, 3, and 4, there was a range of number of semesters required for each course examined. Table 2 summarizes requirements as follows: zero to three semesters of math, zero to three of physics, zero to three of physics laboratory, one to four of general biology, zero to three of general biology laboratory, one to three of general chemistry, zero to three of general chemistry laboratory, zero to three of organic chemistry, zero to three of organic chemistry laboratory, zero to two of biochemistry, zero to one of biochemistry laboratory, zero to two of anatomy, zero to two of anatomy laboratory, one to three of core systems physiology, and zero to three of physiology laboratory.
Organic chemistry was not required by 4 of 18 programs, and 6 of 18 did not require organic chemistry laboratory. Biochemistry was the course that was offered most often, with a selective option such as physical chemistry, genetics, and numerous others. Seven of 18 programs did not require any biochemistry, and 13 of 18 did not require biochemistry laboratory.
Upper division disciplinary requirements range from 11 to 31 credits beyond the core systems physiology (Table 2 ). While there is a variety of upper division and elective options across programs, in general, programs offer system specific (neurobiology, cardiovascular, endocrinology, immunology, etc.), exercise and environmental (biomechanics, exercise physiology, environmental/extreme physiology, etc.), clini- Anatomy category is for stand-alone courses; combined anatomy and physiology courses are coded under Core Physiology. Core Physiology represents the General Systems physiology (or combined Anatomy and Physiology) course(s). Disciplinary Focused column represents the minimum of additional required courses in Advanced Physiology beyond the core systems course(s). Depending on selective options, there is a range of possible credits in this category. Note, a zero represents that the course is not required, yet many programs consider the courses to be recommended electives that most students take. a Four programs listed under "Physiology" offer a combined Anatomy and Physiology course for this category. The specific breakdown of math courses was of interest to our internal survey, and data are reported in Table 3 . Calculus I was required by 14 of 18 programs, calculus II by 8 of 18 at the time of this review, and statistics by 11 of 18 programs ( Table 3 ). Note that, through personal communication, we learned that both University of Arizona and MSU have recently decided to drop the requirement for calculus II, but that change was not yet active for current students as of fall 2016. Statistics was required by 12 of 18 programs. Other math requirements or no math requirements were used in 3 of 18 programs. Table 4 shows the distribution of core physiology lecture and laboratory course requirements. Several key distinctions are as follows: 1) whether these courses were stand-alone physiology or combined anatomy and physiology; 2) how many semesters were required; and 3) if there is a physiology laboratory experience. Stand-alone physiology courses are used as core physiology offerings in 14 of 18 programs, 2 of 18 programs use only combined anatomy and physiology course work, and 2 of 18 use a combination of stand-alone physiology along with anatomy and physiology course work. All programs examined require at least one semester of core physiology (or anatomy and physiology) lecture course work (18 of 18). One core physiology or anatomy and physiology (as defined above by our classification) was used by 7 of 18 programs, two semesters were required by 7 of 18 programs, and three semesters were required by 4 of 18. For physiology (or anatomy and physiology) laboratory courses, 4 of 18 programs require no laboratory courses, 10 of 18 require one semester, 3 of 18 require two semesters, and 1 of 18 require three semesters.
DISCUSSION
A wide range of outstanding resources exists from many organizations and individuals who are highly invested in physiology undergraduate education for majors and nonmajors. These resources are guiding course objectives and the faculty teaching our undergraduates. The next step is to address overall course requirements and programmatic learning goals for a BS degree, which, in fact, may align well with existing coursebased core concepts and learning goals.
Even with the excellent existing guidelines that provide core concepts and learning objectives (15, 17, 18) , the absence of any published minimum national guidelines or accreditation for degree-granting programs in physiology forces departments to determine degree requirements on a case-by-case basis. While state and college standards create constraints on setting degree requirements, programs have leeway in determining what courses and experiences, within and outside the departmental offerings, make a student into a physiologist. Our program review prompted a discussion that adequate information regarding a consensus for what courses should be included in the major was lacking on a national level. For example, at MSU, we were reflecting on whether a BS degree holder in Physiology should be required to take three semesters of math (statistics and two semesters of calculus) and two semesters of biochemistry, and if that was consistent with other Physiology degree programs.
One key outcome of our compilation of data was that we noticed a variety in the "core" physiology requirements. We tallied the physiology courses that, as best as we could tell from online resources, represented the required overview/ general systems level physiology course(s) in the major, regardless of grade level at which it was taken. Program requirements for general physiology range from one to five semesters of core physiology lecture course work with zero to five physiology laboratory courses. In addition, all programs examined have an extensive array of upper division and specialized physiology courses required in the major. Not only do the 
x Indicates course required. P indicates core physiology lecture course. A&P indicates combined Anatomy and Physiology course. I, II, and III indicate first, second, and third course, respectively, in sequence of required courses. number of courses vary, but certainly diversity exists in course objectives, teaching style, and assessment format. Together, this could be leading to a variable pool of physiology graduates applying to graduate and professional schools or seeking employment.
We also report a range of requirements in statistics courses. There is a national push for quantitative literacy. "Quantitative reasoning" is a published core competency for entering medical students (15a), yet what that means in the context of a Physiology degree has not been defined. While many would argue that a knowledge of basic statistics is crucial to understanding the literature in the discipline, our data show that nearly one-half of programs do not have a required statistics course. A scientifically literate workforce would ideally understand the concept of hypothesis testing and implications of physiological effect size, sample size, and the commonly used statistical tests. Perhaps statistical concepts are covered in other areas of the programs outside of the formal course work, and a more complete understanding of this issue will only come from the detailed review of learning outcomes/syllabi.
It is accepted that each institution has its own set of university requirements and learning goals. However, it was of interest to see the variety within introductory requirements in Physiology programs. In courses examined in our review, there is a range of one to four semesters of a course required for general biology, one to three of general chemistry, and zero to three of physics. This is true for related laboratory courses as well. Programs do not usually have direct control over requiring some of these offerings, as it is determined at the level of the college. It is clear that these gateway courses provide a valuable background for a physiology student, yet programs may have limited flexibility to change that. Therefore, whether courses are formally required or not, there are students who would be strongly advised to take more courses based on career path and prerequisites for graduate and professional school admission. Taken together, it presents a challenge to upper division physiology course instructors when students have a variety of background courses.
In an era in which science skills are recognized as important (2), the laboratory course is often a place for students to develop their scientific skills and practice. There is a range in number of required laboratory courses for all courses examined (Table 2 ). For physiology (or anatomy and physiology), there are requirements ranging from zero to three disciplinary focused laboratory experiences in core physiology. For large or under-resourced programs, it may be difficult to offer a laboratory experience to all majors, and this explains some of the variability in requirements. Many professional schools require an undergraduate physiology laboratory course, so there is a need for programs to have laboratory options for students to meet this graduate school prerequisite. The range of laboratory offerings or requirements could lead to diverse end competencies for students in our various programs.
As expected, all programs in this report have ample upper division disciplinary courses. Given that departmental strengths and areas of focus vary, it is not surprising that the course offerings are distinct across institutions. That being said, there are a number of commonly represented elements: system specific, exercise and environmental, clinically relevant, pathology/disease related, and basic science options.
With the frequency of offerings in exercise and environmental, clinically relevant courses, and pathology/disease-related courses, it is apparent that the student audience is largely prehealth focused with clinical interests. This is aligned with our recent publication showing a strong preference of millennial students in a Physiology major to studying systems/ integrative physiology topics (24) .
One place for collective reflection is regarding the inclusion of internships, capstone experiences, service learning, or other mentored experiences as part of the upper division requirements. These experiences are deemed valuable for students (9, 10, 16), yet can be a challenge to fund and manage, especially for programs with large enrollment. For a variety of reasons, it is uncommon that these experiences are required for graduation, owing to difficulty with funding, opportunities for all students, adequate faculty/mentors for all students, etc. Some examples of programs with such requirements are as follows: 1) MSU requires a research-based capstone experience in which all students complete a course-based, mentored semester project in human physiology of their own design (19, 21); 2) Boston University has required field experience (industry, community, research, or clinical) (11); and 3) Brigham Young University requires a mentored experience (research, teaching, or advanced topics) (12) .
Until recently, there has not been a formal venue for discussion of Physiology degree programs across institutions. As such, four universities with undergraduate programs in Physiology, the authors' institution of MSU, the University of Oregon, the University of Arizona, and Gonzaga University, recently formed a grass roots consortium called the Physiology Majors Interest Group (P-MIG) (26) . Representatives from P-MIG have been presenting at conferences and to professional societies about the growing interest in Physiology undergraduate programs. At Experimental Biology 2015, we hosted a symposium sponsored by the American Physiological Society's Teaching Section entitled, "What's Your Major? The Rise of the Undergraduate Physiology Degree." At that session, 48 institutions, both national and international, joined the consortium. Since then, we have also connected to the American Physiological Society's Education and Career Opportunities in Physiology committees and the Association of Chairs of Departments of Physiology to seek partnerships. This networking has allowed us to learn more about the current state and to determine the needs of Physiology programs. The first conference of P-MIG will focus on setting minimal consensus guidelines for degree programs and sharing key resources for setting course-learning objectives. The corresponding author can be contacted to learn more about P-MIG.
Limitations
Since initially we sought this data for our own internal program review process, we only included our most similar peer programs that offer a BS titled Physiology for evaluation. This may be viewed as an arbitrary distinction to separate out other similar programs in biology and kinesiology that would otherwise be classified as physiology in content. We recognize there are many highly related programs that serve similar populations of students and have similar goals. Ultimately, we hope to be inclusive of all programs that can be considered physiology and open membership in P-MIG to all interested institutions and individuals. In some cases, the college or degree requirements are not aligned with preprofessional track prerequisites, so students would be advised to take additional courses, thereby making some programs more similar to others than it would appear based only on required courses. Finally, our study tallies only science courses, despite the importance of liberal arts and general education courses.
Conclusion
We presented information on degree requirements for BS Physiology programs in the U.S. The discussion on programs requirements will be continued in P-MIG among national and international programs. We hope our tally of course requirements for degree-granting programs in Physiology can be used broadly to reflect upon and improve undergraduate Physiology programs nationally and internationally.
